Axillary osmidrosis is a distressing condition that results in considerable psychological stress and low quality of life. This condition also leads to personal and social problems, particularly in Asian societies. A primary cause of axillary osmidrosis is considered an abnormal increase in the quantity and secretory activity of apocrine sweat glands.
permanently eliminate or reduce axillary malodor. 5 However, this procedure is inevitably associated with a long downtime and the risk of complications.
Fractional microneedling radiofrequency (FMR) treatment has recently become an evolving, minimally invasive technique applied
for an expanding number of dermatological conditions. Using an array of insulated microneedles, the FMR instrument can deliver punctate thermal energy directly to the deep dermis, even to subcutaneous tissues, while the epidermis is protected. With the advantages of minimal adverse effects and rapid recovery times, FMR treatment has shown excellent results in the treatment of laxity, scar lesions, rhytides, and rosacea. 6, 7 Therefore, FMR treatment is expected to be a good therapeutic option for axillary osmidrosis; yet, there have been no studies on its efficacy and safety. The present study was conducted to investigate the efficacy and safety of FMR treatment for axillary osmidrosis compared with subdermal pruning surgery.
| ME THODS

| Patients
A retrospective study was performed in patients with axillary osmidrosis who received FMR treatment or subdermal pruning surgery between October 2015 and June 2016 at our department. The inclusion criteria were as follows: 18 years or older; diagnosis of osmidrosis confirmed based on a family history of osmidrosis and evident malodor that can be smelled more than 30 cm away from the armpit of the patient 8 and no local skin infection or any therapeutic history.
Pregnant or breastfeeding women were excluded. This study protocol was conducted in accordance with the Declaration of Helsinki, and approval was obtained from the Medical Ethics Committee of Provincial Hospital affiliated to Shandong University. Informed consent was obtained from all patients.
| Surgical procedure (subdermal pruning through a small incision)
The patient was laid in a supine position in the outpatient operating room, with his/her arms lifted to expose the axilla. Axillary hairs were shaved, and preoperative markings were made. Local tumescent anesthesia was induced with 1% lidocaine containing 1:100 000 epinephrine. A 2-cm incision was made at the edge of the axilla.
Glandular tissue and subcutaneous tissue attached to the dermis
were undermined by scissors until the elevated flap thinned and softened. Then, the detached subcutaneous fragments were removed by lavage and several iterations of irrigation to ensure that no debris remained. One small drainage semicanal was inserted before the incision was closed. Bolus dressing and compression bandages were applied for approximately 7-9 days (Figure 1 ). Drainage semicanals were pulled out after 48 hours. Patients were strictly advised to avoid shoulder movements for 7-9 days. They resumed normal daily activities and showers only after removal of the compression dressing.
| FMR treatment
Preoperative preparations were the same as those of the surgery group, and identical tumescent anesthesia was induced before the treatment. A Body Tite FMR system was sued (Peninsula Corp., China). The hand piece contained rows of 15 insulated microneedles arranged over an area of 60mm 2 ( Figure 2 ). Bipolar radiofrequency energy was conducted through the array of microneedles.
The following parameters were used: energy, 16-18 W; depth, 3.8-4.2 mm; and time, 1500-1800 ms The malodor severity, skin thickness and hair density were suggested as bases for the selection of treatment parameters. After tumescent anesthesia was induced, the local skin was firmly flattened, and the hand piece was perpendicularly pressed to the skin. The microneedles penetrated the skin, emitted radiofrequency energy within a very short time, and were then pulled out automatically. The marked axillary area was treated sequentially without omission. In most regions, one treatment was sufficient for abundant sweat gland regions, and slight overlap was performed. The preferred endpoint was when punctate petechiae were visible in the treatment area. Then, topical erythromycin ointments were applied, followed by the application of ice packs to the treated area for 4-6 hours. No compression dressing was applied ( Figure 3 ).
| Assessment
| Efficacy evaluation
Osmidrosis was defined as a foul odor that can be smelled more than 30 cm away from the armpit of the patient after the underarm sweat is incubated for more than 1 hour. The evaluation of malodor was conducted by the patients and two medical staff members who were blind to the treatments. The malodor elimination results were classified as excellent, good, or poor. A rating of excellent applied when axillary odor was eliminated and was undetectable by patients and physicians. When patients noted a dramatic reduction in odor, the rating was good. An insignificant reduction in odor was rated as poor.
The Dermatology Life Quality Index (DLQI) score was evaluated at the beginning of the study and at 6 months after treatment. The degree of patient satisfaction was evaluated as fully satisfied, partially satisfied, or dissatisfied and was assessed at those times. Hair loss and sweating reduction were also investigated at the same time points. Patients were asked to visit the 1st, 3rd, and 6th months after the treatment.
| Statistical analysis
Measurement data were analyzed by Student's t test, and categorical data were analyzed by the χ 2 -test. SPSS17.0 software was applied for statistical analysis. P < 0.05 was considered statistically significant.
| RE SULTS
Patients (53 females and 37 males) aged 18-48 years (average, 25.15)
were enrolled in this study. The FMR treatment was performed in 20 male and 28 female patients, and the surgical procedure was performed in 17 male and 25 female patients. The mean age of the two groups was 24.90 (18-30) years and 25.45(21-48) years, respectively. In terms of the general characteristics (sex, age), there were no significant differences between the groups (P > 0.05).
In terms of osmidrosis improvement, 38 (79.17%) patients in the FMR treatment group and 39 (92.86%) patients in the surgery group reported excellent results. There was no significant difference between the FMR treatment and surgery group (P > 0.05). Regarding sweating reduction and hair loss, most patients in the two groups achieved "good" improvement. Most patients' armpit hairs became sparse, and they were satisfied with their reduced sweating (Table 1) .
Regarding patient satisfaction, the satisfaction rate in the FMR treatment group was significantly higher than that in the surgery group 1 month after treatment (P < 0.05). There were no differences between the two groups at the 3rd and 6th months (P > 0.05, Figure 4 ).
The DLQI score of the patients in both groups significantly decreased after treatment (P < 0.05), but no significant difference was observed between the two groups before or after treatment (P > 0.05, Table 2 ).
| Complications and recurrence.
There were two cases of hematoma in the surgical group, as the pa- No infections, hypertrophic scars, or sebaceous cysts occurred in either group. There were no significant differences in the malodor recurrence rate in either group (P > 0.05).
| D ISCUSS I ON
The physical principle of thermal denaturation makes it possible for FMR treatment to generate expose the sweat glands to therapeutic heat. As protein is denatured at a temperature higher than 56℃, heating the sweat glands can irreversibly damage and deactivate F I G U R E 1 Figure 1 Microneedles of the handpiece arranged in lines. There are rows of 15 insulated microneedles arranged over an area of 60 mm 2 on the handpiece. Bipolar radiofrequency energy was conducted when they were pulled out Table 2 DLQI score of patients before and after treatment them; thus, odor elimination is feasible and potentially permanent.
TA B L E 2
Only once fractional needling treatment was given per patient in our study, and most of patients were satisfied. It might be related to the specific mechanism of microneedling therapy for axillary osmidrosis.
We guessed the key factor was temperature. The temperature at needle tip rose rapidly to 80-100℃ in 1500-1800 ms, and the peak temperature could last for 1.5-2.0 ms High temperature damaged sweat glands to achieve the effects. Then, the temperature dropped rapidly to protect the epidermis from damages. As the microneedles are distributed fractionally, subcutaneous wounds are not apparent.
Unlike in surgery, no wide subcutaneous undermining is performed in FMR treatment, and no extensive destruction of the deep dermis occurs; as such, hematoma formation and extensive skin necrosis can generally be avoided. Thus, there was no need for bolus dressings or compression bandages, and a long downtime could be avoided, which might be the most satisfying feature of the FMR treatment.
With respect to subcutaneous pruning surgery, the patient must consider the social inconvenience caused by postoperative immobilization and the risk of hematoma and skin necrosis. Bechara and colleagues reported that the rate of hematoma after surgical resection was as high as 57%. 9 Excessive destruction of the subcutaneous tissue, including apocrine glands that are firmly attached to the dermis, can easily result in local skin necrosis. After the surgical procedure, patient arm movement or incomplete wound wrapping are the most common reasons for the development of hematoma. For one hematoma observed in our study, the patient confessed that her right shoulder was not strictly immobilized on the first postoperative day ( Figure 5 ). Therefore, strict postoperative shoulder immobilization is very important, especially 24-72 hours after the surgery.
Most patients receiving the surgical procedure complained that their sleeping and daily movements were seriously disturbed until the compression dressing was removed. Therefore, surgical treatment is not accepted by all axillary osmidrosis patients, especially female patients. Compared with surgery, FMR offers a comfortable option for treating osmidrosis. In this study, with the FMR technique, we obtained an osmidrosis alleviation rate similar to that obtained by surgery, but the FMR technique is less invasive and more convenient. Figure 4 The satisfaction rate in both groups. The rate in the FMR group was significantly higher than that in the surgery group 1 month after treatment (P ≤ 0.05). There were no differences between the two groups at the 3rd and 6th months (P ≥ 0.05)
Compared with manual surgery, the FMR treatment caused minimal postoperative limitation to patients' social activities, thus significantly improving their satisfaction. Especially in the short-term
(1 month after treatment), the patient satisfaction rate in the FMR treatment group significantly exceeded that of patients in the surgery group. There were no differences between the two groups at 3 or 6 months postoperatively.
The psychosocial problem caused by osmidrosis can severely affect patients' social and psychological functioning, causing anxiety, depression, and low quality of life. The DLQI which is a dermatologyspecific, validated questionnaire, was used to determine the impact on the patient's quality of life. 10 The DLQI reduction in both groups represented a clinically significant improvement after therapy. is very important to tighten the skin of the treatment area and to press the hand piece tip perpendicular to the skin.
The low complication rate of FMR treatment might be attributed to the fractional model, but apocrine glands were not fractionally arranged. The malodor could not be eradicated completely. It is necessary to inform patients that the procedure can only alleviate, not eliminate, the malodor. Thus, residual osmidrosis was unavoidable in some patients, especially in cases of severe osmidrosis. FMR treatment is suggested to be applied for mild-to-moderate osmidrosis, and it might not be the most appropriate method for severe or refractory osmidrosis.
| Limitation
There were some limitations in our study. The small number of cases was one of the shortcoming. In addition, the prospective research was more suitable for our study but it needed the ethics committee and more rigorous experimental design. Furthermore, the short follow-up periods prevented us from describing long-term outcomes following treatments.
| CON CLUS ION
In conclusion, this study indicates that FMR treatment is an effective and safe method for treating axillary osmidrosis. This treatment could provide patients with a comfortable and short downtime and a high satisfaction rate. FMR treatment is an alternative method for axillary osmidrosis, but with some limitations. In future studies, we will expand the sample size and conduct pathological research.
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